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THERMALLY PROCESSABLE IMAGING
ELEMENT WITH IMPROVED ADHESION OF
THE OVERCOAT LAYER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation 1n part of U.S. appli-
cation Ser. No. 08/754,353 filed Nov. 22, 1996, now
abandoned, the entire disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

This mvention relates 1n general to imaging elements and
in particular to thermally processable 1maging elements.
More specifically, this mvention relates to thermally pro-
cessable 1maging elements with improved adhesion between
the overcoat layer and the imaging layer.

BACKGROUND OF THE INVENTION

Thermally processable imaging elements, including films
and papers, for producing images by thermal processing are
well known. These elements include photothermographic
clements in which an 1image 1s formed by 1magewise expo-
sure of the element to light followed by development by
uniformly heating the element. These elements also include
thermographic elements in which an 1mage 1s formed by
imagewise heating the element. Such elements are described

in, for example, Research Disclosure, June 1978, Item No.
17029 and U.S. Pat. Nos. 3,080,254, 3,457,075 and 3,933,

508.

An 1mportant feature of the aforesaid thermally process-
able 1maging elements 1s a protective overcoat layer. To be
fully acceptable, a protective overcoat layer for such 1imag-
ing elements should: (a) provide resistance to deformation of
the layers of the element during thermal processing, (b)
prevent or reduce loss of volatile components in the element
during thermal processing, (c¢) reduce or prevent transfer of
essential 1maging components from one or more of the
layers of the element into the overcoat layer during manu-
facture of the element or during storage of the element prior
to imaging and thermal processing, (d) enable satisfactory
adhesion of the overcoat to a configuous layer of the
element, and (e) be free from cracking and undesired
marking, such as abrasion marking, during manufacture,
storage, and processing of the element.

A particularly preferred overcoat for thermally process-
able imaging elements is an overcoat comprising poly(silicic
acid) as described 1n U.S. Pat. No. 4,741,992, issued May 3,
1988. Advantageously, water-soluble hydroxyl-containing,
monomers or polymers are incorporated in the overcoat
layer together with the poly(silicic acid).

One of the most difficult problems involved 1n the manu-
facture of thermally processable imaging elements 1s that the
protective overcoat layer typically does not exhibit adequate
adhesion to the imaging layer. The problem of achieving
adequate adhesion 1s particularly aggravated by the fact that
the 1maging layer 1s typically hydrophobic while the over-
coat layer 1s typically hydrophilic. One solution to this
problem 1s that described 1 U.S. Pat. No. 4,886,739, 1ssued
Dec. 12, 1989, 1n which a polyalkoxysilane 1s added to the
thermographic or photothermographic 1maging composition
and 1s hydrolyzed in situ to form an Si(OH), moiety which
has the ability to crosslink with binders present in the
imaging layer and the overcoat layer. Another solution to the

problem 1s that described in U.S. Pat. No. 4,942,115, 1ssued
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Jul. 17, 1990, 1n which an adhesion-promoting layer com-
posed of certain adhesion-promoting terpolymers 1s inter-
posed between the 1maging layer and the overcoat layer.
U.S. Pat. Nos. 5,393,649, 5,418,120, and 422,234 also
disclose the use of adhesion- promoting interlayers which
contain (i) a polymer having pyrrolidone functionally
(’649), (i1) a polyalkoxysilane (*120) or (iii) a polymer
having epoxy functionality (°234).

The known solutions to the problem of providing
adequate overcoat adhesion with thermally processable ele-
ments exhibit certain disadvantages which have hindered
their commercial utilization. For example, while 1incorpora-
tion of a polyalkoxysilane in the imaging composition brings
about a gradual increase 1 adhesion on aging of the element,
the 1n situ hydrolysis of the polyalkoxysilane 1s slow and its
rate 1s limited by the availability of water 1n the coated layer.
Moreover, the alcohol which 1s formed as a by-product of
the hydrolysis, for example, the ethyl alcohol that 1s formed
by hydrolysis of tetracthoxysilane, 1s unable to escape
through the highly impermeable overcoat layer and tends to
migrate into the support. The support is typically a polyester,
most usually poly(ethylene terephthalate), and migration of
the alcohol 1nto such a support causes a highly undesirable
width-wise curl which makes the 1maging element very
difficult to handle. A serious consequence of such width-
wise curl, even though 1t may be very slight 1n extent, 1s
jamming of processing equipment.

The problem of unwanted curl can be reduced by use of
the adhesion-promoting interlayer of U.S. Pat. No. 4,942,
115, but use of this interlayer can result in adverse sensito-
metric effects, requires an additional coating step which
makes 1t economically less attractive, and requires the use of
terpolymers which are costly, difficult to handle and envi-
ronmentally disadvantageous.

In general, the use of an adhesion-promoting interlayer
between the 1maging layer and the overcoat layer makes
manufacture of the thermally processable imaging element
more complex which adds to the cost of manufacture of the

imaging clement.

PROBLEM SOLVED BY THE INVENTION

It 1s toward the objective of providing an improved
thermally processable 1maging element having an overcoat
layer with improved adhesion to the underlying imaging

layer which overcomes the disadvantages of the prior art that
the present 1nvention 1s directed. In particular, this invention

provides improved adhesion between the overcoat and imag-
ing layers without the need for an intervening adhesive layer.

SUMMARY OF THE INVENTION

In accordance with this invention, a thermally processable
imaging clement comprises:

(1) a support;

(2) a thermographic or photothermographic imaging
layer;

(3) an overcoat layer overlying and in direct contact with
the 1maging layer, wherein the overcoat layer com-
PriSEs:

(a) 50 to 90% by weight poly(silicic acid) represented
by the formula:
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OH

—O0—Sit—

OH

wherein n 1s an integer within the range of at least 3 to
about 600;

(b) 10 to 48% by weight of a water soluble hydroxyl
containing polymer or monomer that 1s compatible

with poly(silicic acid); and
(c) 2 to 25% by weight of an acrylate or methacrylate
latex
wherein the adhesion between the 1maging layer and the
overcoat layer 1s improved compared to an overcoat layer
that contains (a) and (b) above but does not contain (c)
above.

Another aspect of this mvention comprises a method of
preparing a thermally processable 1imaging element com-
prising:

1) coating a thermographic or photothermographic imag-

ing layer onto a support;

i1) coating directly onto the imaging layer an overcoat
layer formed from a composition comprising:
(a) 50 to 90% by weight poly(silicic acid) represented
by the formula:

OH

Sivg

OH

wherein n 1s an integer within the range of at least 3 to
about 600; and
(b) 10 to 48% by weight of a water soluble hydroxyl
containing polymer or monomer that 1s compatible
with poly(silicic acid); and
(¢) 2 to 25% by weight of an acrylate or methacrylate
latex;
wherein prior to coating the overcoat layer onto the imaging
layer, an acrylate or methacrylate latex 1s incorporated into
the overcoat composition 1n an amount sufficient to improve
the adhesion between the imaging layer and the overcoat
layer.

ADVANTAGEOUS EFFECT OF THE
INVENTION

An acrylate or methacrylate latex 1n the overcoat over-
comes the difficult problem of providing good adhesion
between an overcoat which 1s typically hydrophilic and an
imaging layer which is typically hydrophobic. Moreover,
use of an acrylate or methacrylate latex 1n the overcoat not
only provides very effective adhesion but causes no adverse
sensitometric effects and involves the use of low cost,
readily available materials which are easily handled and
coated and are environmentally advantageous.

The overcoat layer utilized 1n the thermally processable
imaging elements of this invention performs several 1impor-
tant functions as hereinabove described.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with this invention, a thermally processable
imaging element has an overcoat layer overlying and in
direct contact with a thermally processable imaging layer of
the element.
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The overcoat layer 1s generally transparent and colorless.
If the overcoat 1s not transparent and colorless, then it 1s
necessary, it the element 1s a photothermographic element,
that 1t be at least transparent to the wavelength of radiation
employed to provide and view the image. The overcoat does
not significantly adversely affect the 1imaging properties of
the element, such as the sensitometric properties 1n the case
of a photothermographic element, such as minimum density,
maximum density, or photographic speed.

In the thermally processable 1maging element of this
invention, the composition of the overcoat layer comprises
50 to 90% by weight of poly(silicic acid) represented by the
formula:

—O—Si—

OH

wherein n 1s an integer within the range of at least 3 to
about 600.

The overcoat layer also contains 10 to 48% of a water-
soluble hydroxyl-containing polymer or monomer that is
compatible with the poly(silicic acid). Examples of water
soluble hydroxyl-containing polymers are acrylamide
polymers, poly(vinyl alcohol) and water-soluble cellulose
derivatives, such as hydroxy ethyl cellulose and water-
soluble cellulose acetate. Partially hydrolyzed poly(vinyl
alcohols) are preferred. Overcoat compositions comprising
poly(silicic acid) and a water soluble hydroxyl-containing
polymer of monomer 1s described 1n, for example, U.S. Pat.
No. 4,741,992, the entire disclosures of which are incorpo-
rated herein by reference.

The overcoat also comprises an acrylate or methacrylate
latex 1n an amount sufficient to 1mprove the adhesion
between the 1maging layer and the overcoat layer that
overlies and 1s 1n direct contact with the imaging layer. The
latex preferably 1s present in the overcoat layer in an amount
of about 2 to about 25% by weight. The latex preferably
comprises particles of an acrylate or methacrylate polymer
of about 50 to about 200 nm, preferably about 50 to about
100 nm. As employed herein the term “acrylate or meth-
acrylate latex” indicates a vinyl polymer having at lest 50
percent by weight of 1ts repeating units derived from one or
more acrylate or methacrylate esters. The acrylate or meth-
acrylic ester monomers providing the repeating units of the
polymer can be conveniently formed by reacting acrylic or
methacrylic acid with an alcohol, phenol, or hydroxy sub-
stituted ether. It 1s generally preferred to select individual
repeating units of the acrylate or methacrylate polymer
including each acrylate or methacrylate ester or other,
optional repeating unit present, from those containing up to
about 22 carbon atoms.

Unless otherwise specified % by weight 1s based on the
weight of the dried overcoat layer.

In the simplest embodiment of the invention the acrylic or
methacrylic polymer 1s a homopolymer of an acrylic or
methacrylic ester. In a preferred embodiment the repeating
unit is derived from a monomer satisfying Formula (I).
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H,C—C—C—O0—R

Ry

where R is an ester forming moiety (e.g., the residue of an
alcohol, phenol or ether) containing from 3 to 12 carbon
atoms, preferably from 4 to 10 carbon atoms and R, 1s H, or
methyl. R can, for example, be any alkyl of from 3 to 12
carbon atoms, a benzyl group of from 6 to 12 carbon atoms,
a cycloalkyl group of from 3 to 13 carbon atoms, preferably
5 to 7 carbon atoms; or a mono-oxy, di-oxy, or tri-oxy ether
containing from 3 to 12 carbon atoms. Although the fore-
ogoing are preferred, it 1s appreciated that R 1n the various
forms noted can contain up to about 18 carbon atoms, as
described above.

Particularly preferred is a latex of poly(butyl acrylate),
poly(ethyl acrylate), poly(butyl methacrylate) or poly
(methyl methacrylate).

The thermally processable 1maging element of this inven-
fion can be a black-and-white 1maging element or a dye-
forming 1maging element. It can be of widely varying
construction as long as 1t includes a support, an 1maging

layer and an overcoat layer, as described herein.

The thermally processable element can comprise a variety
of supports. Examples of useful supports are poly
(vinylacetal) film, polystyrene film, poly
(cthyleneterephthalate) film, polycarbonate film, and related
films and resinous materials, as well as paper, glass, metal,
and other supports that withstand the thermal processing
temperatures.

Typical photothermographic elements within the scope of
this invention comprise at least one 1imaging layer containing
in reactive association 1n a binder, preferably a binder
comprising hydroxyl groups, (a) photographic silver halide
prepared in situ and/or ex situ, (b) an image-forming com-
bination comprising (i) an organic silver salt oxidizing
agent, preferably a silver salt of a long chain fatty acid, such
as silver behenate, with (i1) a reducing agent for the organic
silver salt oxidizing agent, preferably a phenolic reducing
agent, and (¢) an optional toning agent. References describ-
ing such 1maging elements include, for example, U.S. Pat.
Nos. 3,457,075; 4,459,350; 4,264,725 and 4,741,992 and
Research Disclosure, June 1978, Item No. 17029.

In order to 1improve 1image tone, improve printout, provide
better visual contrast and enhance the appearance of the
thermally processable 1imaging elements of this invention, a
small amount of a colorant can be added to the overcoat
layer. Blue colorants, such as Victoria Pure Blue BO,
Victoria Brilliant Blue G, Serva Blue WS, Aniline Blue,
Page Blue G-90 and Methylene Blue, are especially useful
for this purpose.

The photothermographic element comprises a photosen-
sitive component that consists essentially of photographic
silver halide. In the photothermographic material 1t is
believed that the latent image silver from the silver halide
acts as a catalyst for the described 1image-forming combi-
nation upon processing. A preferred concentration of pho-
tographic silver halide 1s within the range of 0.01 to 10
moles of photographic silver halide per mole of silver
behenate 1n the photothermographic material. Other photo-
sensitive silver salts are useful mm combination with the
photographic silver halide 1f desired. Preferred photographic
silver halides are silver chloride, silver bromide, silver
bromochloride, silver bromoiodide, silver
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chlorobromoiodide, and mixtures of these silver halides.
Very fine grain photographic silver halide 1s especially
useful. The photographic silver halide can be prepared by
any of the known procedures 1n the photographic art. Such
procedures for forming photographic silver halides and
forms of photographic silver halides are described 1n, for
example, Research Disclosure, December 1978, Item No.
17029 and Research Disclosure, June 1978, Item No. 17643.
Tabular grain photosensitive silver halide 1s also useful, as
described 1n, for example, U.S. Pat. No. 4,435,499. The

photographic silver halide can be unwashed or washed,
chemically sensitized, protected against the formation of
fog, and stabilized against the loss of sensiftivity during
keeping as described i1n the above Research Daisclosure

publications. The silver halides can be prepared 1n situ as
described 1n, for example, U.S. Pat. No. 4,457,075, or
prepared ex situ by methods known 1n the photographic art.

The photothermographic element typically comprises an
oxidation-reduction 1mage forming combination that con-
tains an organic silver salt oxidizing agent, preferably a
silver salt of a long chain fatty acid. Such organic silver salts
are resistant to darkening upon illumination. Preferred
organic silver salt oxidizing agents are silver salts of long
chain fatty acids containing 10 to 30 carbon atoms.
Examples of useful organic silver salt oxidizing agents are
silver behenate, silver stearate, silver oleate, silver laurate,
silver hydroxystearate, silver caprate, silver myristate, and
silver palmitate. Combinations of organic silver salt oxidiz-
ing agents are also useful. Examples of useful organic silver
salt oxidizing agents that are not organic silver salts of fatty
acids are silver benzoate and silver benzotriazole.

The optimum concentration of organic silver salt oxidiz-
ing agent 1n the photothermographic element will vary
depending upon the desired 1image, particular organic silver
salt oxidizing agent, particular reducing agent and particular
photothermographic element. A preferred concentration of
organic silver salt oxidizing agent 1s within the range of 0.1
to 100 moles of organic silver salt oxidizing agent per mole
of silver 1n the element. When combinations of organic
silver salt oxidizing agents are present, the total concentra-
tion of organic silver salt oxidizing agents 1s preferably
within the described concentration range.

A variety of reducing agents are useful in the photother-
mographic element. Examples of useful reducing agents in
the 1mage-forming combination include substituted phenols
and naphthols, such as bis-beta-naphthols;
polyhydroxybenzenes, such as hydroquinones, pyrogallols
and catechols; aminophenols, such as 2,4-diaminophenols
and methylaminophenols; ascorbic acid reducing agents,
such as ascorbic acid, ascorbic acid ketals and other ascorbic
acid derivatives; hydroxylamine reducing agents;
3-pyrazolidone reducing agents, such as 1-phenyl-3-
pyrazolidone and 4-methyl-4-hydroxymethyl-1-phenyl-3-
pyrazolidone; and sulfonamidophenols and other organic
reducing agents known to be useful in photothermographic
elements, such as described 1n U.S. Pat. No. 3,933,508, U.S.
Pat. No. 3,801,321 and Research Disclosure, June 1978,
Item No. 17029. Combinations of organic reducing agents
are also useful 1n the photothermographic element.

Preferred organic reducing agents in the photothermo-
oraphic element are sulfonamidophenol reducing agents,
such as described mn U.S. Pat. No. 3,801,381. Examples of
uselul sulfonamidophenol reducing agents are 2,6-dichloro-
4-benzene-sulfonamidophenol; benzenesulfonamidophenol;
and 2,6-dibromo-4-benzenesulfonamidophenol, and combi-
nations thereof.

An optimum concentration of organic reducing agent in
the photothermographic element varies depending upon
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such factors as the particular photothermographic element,
desired 1mage, processing conditions, the particular organic
silver salt oxidizing agent, and the particular polyalkoxysi-
lane.

The photothermographic element preferably comprises a
foning agent, also known as an activator-toner or toner-
accelerator. Combinations of toning agents are also useful 1n
the photothermographic element. Examples of useful toning
agents and toning agent combinations are described in, for
example, Research Disclosure, June 1978, Item No. 17029
and U.S. Pat. No. 4,123,282, Examples of useful toning
agents 1nclude, for example, phthalimide,
N-hydroxyphthalimide, N-potassium-phthalimide,
succinimide, N-hydroxy-1,8-naphthalimide, phthalazine,
1-(2H)-phthalazinone and 2-acetylphthalazinone.

Post-processing 1image stabilizers and latent 1image keep-
ing stabilizers are useful in the photothermographic element.
Any of the stabilizers known 1n the photothermographic art
are uselul for the described photothermographic element.
[llustrative examples of useful stabilizers include photolyti-
cally active stabilizers and stabilizer precursors as described
in, for example, U.S. Pat. No. 4,459,350. Other examples of
uselul stabilizers mnclude azole thioethers and blocked azo-
linethione stabilizer precursors and carbamoyl stabilizer
precursors, such as described in U.S. Pat. No. 3,877,940.

Photothermographic elements and thermographic ele-
ments as described can contain addenda that are known to
aid 1n formation of a useful image. The photothermographic
clement can contain development modifiers that function as
speed increasing compounds, sensitizing dyes, hardeners,
antistatic agents, plasticizers and lubricants, coating aids,

brighteners, absorbing and filter dyes, such as described in
Research Disclosure, December 1978, Item No. 17643 and

Research Disclosure, June 1978, Item No. 17029,

The thermally processable 1maging elements of the inven-
fion can be prepared by coating the layers on a support by
coating procedures known 1n the photographic art, including
dip coating, air knife coating, curtain coating or extrusion
coating using hoppers. If desired, two or more layers are
coated simultaneously.

Spectral sensitizing dyes are useful 1n the photothermo-
ographic element to confer added sensitivity to the element.
Usetul sensitizing dyes are described in, for example,
Research Disclosure, June 1978, Item No. 17029 and
Research Disclosure, December 1978, Item No. 17643,

A photothermographic element as described preferably
comprises a thermal stabilizer to help stabilize the photo-
thermographic element prior to exposure and processing.
Such a thermal stabilizer provides improved stability of the
photothermographic element during storage. Preferred ther-
mal stabilizers are 2-bromo-2-arylsulfonylacetamides, such
as 2-bromo-2-p-tolysulfonylacetamide; 2-(tribromomethyl
sulfonyl)benzothiazole; and 6-substituted-2,4-bis
(tribromomethyl)-s-triazines, such as 6-methyl or 6-phenyl-
2,4-bis(tribromomethyl)-s-triazine.

The thermally processable elements are exposed by
means of various forms of energy. In the case of the
photothermographic element such forms of energy include
those to which the photographic silver halides are sensitive
and include ultraviolet, visible and infrared regions of the
clectromagnetic spectrum as well as electron beam and beta
radiation, gamma ray, x-ray, alpha particle, neutron radiation
and other forms of corpuscular wave-like radiant energy 1n
either non-coherent (random phase) or coherent (in phase)
forms produced by lasers. Exposures are monochromatic,
orthochromatic, or panchromatic depending upon the spec-
tral sensitization of the photographic silver halide. Image-
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wise exposure 1s preferably for a time and intensity suifficient
to produce a developable latent 1mage 1n the photothermo-
ographic element.

After 1magewise exposure of the photothermographic
clement, the resulting latent 1mage 1s developed merely by
overall heating the element to thermal processing tempera-
ture. This overall heating merely 1nvolves heating the pho-
tothermographic element to a temperature within the range
of about 90° C. to 180° C. until a developed image is formed,
such as within about 0.5 to about 60 seconds. By increasing
or decreasing the thermal processing temperature a shorter
or longer time of processing 1s useful. A preferred thermal

processing temperature is within the range of about 100° C.
to about 130° C.

In the case of a thermographic element, the thermal
energy source and means for imaging can be any imagewise
thermal exposure source and means that are known 1n the
thermographic i1maging art. The thermographic 1imaging
means can be, for example, an inifrared heating means, laser,
microwave heating means or the like.

Heating means known in the photothermo-graphic and
thermographic 1maging arts are useful for providing the
desired processing temperature for the exposed photother-
mographic element. The heating means 1s, for example, a
simple hot plate, iron, roller, heated drum, microwave heat-
ing means, heated air or the like.

Thermal processing 1s preferably carried out under ambi-
ent conditions of pressure and humidity. Conditions outside
of normal atmospheric pressure and humidity are usetul.

The components of the thermally processable element can
be 1 any location in the element that provides the desired
image. If desired, one or more of the components can be in
more than one layer of the element. For example, in some
cases, 1t 1s desirable to include certain percentages of the
reducing agent, toner, stabilizer and/or other addenda in the
overcoat layer over the photothermographic 1imaging layer
of the element. This, 1n some cases, reduces migration of
certain addenda 1n the layers of the element.

It 1s necessary that the components of the 1maging com-
bination be “in association” with each other in order to
produce the desired 1mage. The term “in association™ herein
means that in the photothermographic element the photo-
ographic silver halide and the 1mage forming combination are
in a location with respect to each other that enables the
desired processing and forms a useful 1mage.

The thermally processable 1maging element of this mnven-
tion preferably includes a backing layer. The backing layer
utilized in this invention 1s an outermost layer and 1s located
on the side of the support opposite to the imaging layer. It
1s typically comprised of a binder and a matting agent which
1s dispersed 1n the binder 1n an amount sufficient to provide
the desired surface roughness.

A wide variety of materials can be used to prepare a
backing layer that 1s compatible with the requirements of
thermally processable imaging elements. The backing layer
should be transparent and colorless and should not adversely
affect sensitometric characteristics of the photothermo-
oraphic element such as minimum density, maximum den-
sity and photographic speed. Useful backing layers include
those comprised of poly(silicic acid) and a water-soluble

hydroxyl containing monomer or polymer that is compatible
with poly(silicic acid) as described in U.S. Pat. Nos. 4,828,
971, 5,310,640 and 5,547,821, the entire disclosures of

which are mcorporated herein by reference.
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The backing layer preferably has a glass transition tem-
perature (Tg) of greater than 50° C., more preferably greater
than 100° C., and a surface roughness such that the Rough-
ness Average (Ra) value is greater than 0.8, more preferably
orcater than 1.2, and most preferably greater than 1.5. As
described 1n U.S. Pat. No. 4,828,971, the Roughness Aver-
age (Ra) is the arithmetic average of all departures of the
roughness profile from the mean line.

The 1imaging element can also contain an electroconduc-
five layer which, 1in accordance with U.S. Pat. No. 5,310,
640, 1s an 1nner layer that can be located on either side of
said support. The electroconductive layer preferably has an
internal resistivity of less than 5x10' ohms/square.

In the thermally processable 1maging elements of this
invention, either organic or organic matting agents can be
used. Examples of organic matting agents are particles, often
in the form of beads, of polymers such as polymeric esters
of acrylic and methacrylic acid, e.g., poly
(methylmethacrylate), styrene polymers and copolymers,
and the like. Examples of imnorganic matting agents are
particles of glass, silicon dioxide, titantum dioxide, magne-
stum oxide, aluminum oxide, barium sulfate, calcium
carbonate, and the like. Matting agents and the way they are

used are further described 1n U.S. Pat. Nos. 3,411,907 and
3,754,924,

The concentration of matting agent required to give the
desired roughness depends on the mean diameter of the
particles and the amount of binder. Preferred particles are
those with a mean diameter of from about 1 to about 15
micrometers, preferably from 2 to 8 micrometers. The matte
particles can be usefully employed at a concentration of
about 1 to about 100 milligrams per square meter.

The 1nvention 1s further illustrated by the following
examples.

EXAMPLES

A thermally processable imaging element was prepared
by coating a poly(ethylene terephthalate) film support, hav-
ing a thickness of 0.114 mm, with a photothermographic
imaging layer and a protective overcoat over and in direct
contact with the 1maging layer. The layers of the thermally
processable 1maging element are coated on a support by
coating procedures known in the photographic art, including
dip coating, air knife coating, curtain coating or extrusion
coating using hoppers. The photothermographic 1imaging
composition was coated from a solvent mixture containing
85 parts by weight methyl 1sobutyl ketone and 15 parts by
welght acetone to form an imaging layer of the following dry
composition:

TABLE 1

Component Dry Coverage (g/m?)
Silver behenate 1.072
AgBr 0.193
Succinimide 0.250
*Surfactant 0.006
2-bromo-2-p-tolylsulfonyl acetamide 0.070
2,4-bis(trichloromethyl)-6-(1(maphtho)-S-triazine 0.017
Sensitizing dye 0.006
4-benzenesulfonamidophenol 1.129
**Binder 4.678

*a polysiloxane fluid available under the trademark SF-96 from General

Electric Company
**a poly(vinylbutyral) available under the trademark Butvar 76 resin from

Monsanto Company

To prepare the protective overcoat layer, first a polysilicic
acid solution was prepared by mixing 29.4 weight percent
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water, 1.2% 1N p-toluene sulfonic acid, 34% methanol and
35.4% tetracthoxysilane to form a 16.3 wt % polysilicic acid

solution. The polysilicic acid was mixed with polyvinyl
alcohol, PVA (Elvanol 52-22 from DuPont, 86—-89%
hydrolyzed) and various latexes in water, coated and dried to
orve the following composition:

TABLE 2
Component Dry Coverage (g/m”)
Polysilicic acid 1.238
Polyvinyl alcohol/latex 0.825
Surfactant® 0.0308

*a p-1sononylphenoxy polyglycidol surfactant available under the trade-
mark Surfactant 10G from Olin Corporation.

The average particle size of the polymer latex 1s about 80
nm. The overcoat layer 1s coated directly onto the 1magine
layer (i.e., with no intervening layer.

TABLE 3
Polymer Designation  Tg (" C)*
poly(butyl acrylate) P-1 -55
poly(ethyl acrylate) P-2 -24
poly(butyl methacrylate) P-3 20
poly(methyl methacrylate) P-4 105
poly(styrene-co-butyl methacrylate-co-2- P-5 40
sulfoethyl methacrylate, sodium salt)

30/60/10 mole ratio

*Tg = glass transition temperature of the polymer

Preparation of latex: General preparation of a latex 1s
described m U.S. Pat. No. 5,385,968, Example 1.

For each of the overcoat variations the adhesion of the
overcoat layer to the imaging layer was evaluated using a
practical tape adhesion test and a 90° peel test.

Practical tape test: a 35 mm wide sample was prepared
and laid flat on a table. A section of Scotch Magic Tape #811,
available from 3M, was placed across the width of the
sample and smoothed out by hand to assure uniform adhe-
sion. Upon manually removing the tape, the percent of the
overcoat layer removed was estimated and related to adhe-
sion. Ideally, the extent of removal would be zero. The test
is performed up to ten times for each sample. 90° peel test:
Using a 35 mm wide by 10 cm long coated sample, a piece
of Scotch Magic Tape #610, available from 3M, was placed
along the length of the sample. The tape was then trimmed
to approximately 1.27 cm wide and then the sample was
mounted onto a flat surface. Upon peeling the tape at 90° to
the surface the overcoat was removed with the tape and the
force to remove the tape/overcoat at a rate of 5 cm/min was
measured using an Instron model 1122. This force was then
normalized with the tape width and 1s reported 1n units of
N/m. The larger the value, the stronger the adhesion of the
overcoat to the 1imaging layer. A designation of “Does not
peel” 1ndicates that the overcoat could not be removed.

The effect of the latex additives on sensitometry was
determined by measuring the Dmin, relative speed and D,
of each sample after exposure (107 sec, EG&G, Wratten 29
filter) and heat processing for 5 seconds at 119° C. For all the
samples the sensitometry was equivalent to the comparison
coating, with just PSA/PVA 1n the overcoat.

The following table lists the latex containing overcoats
with the adhesion results.
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TABLE 4
Tape
PVA/Latex Adhesion 90" Peel

Example Latex Ratio (% removed) Force (N/m)
comparison  none 100/0 54 3.9

invention P-1 3/1 0 5.6

invention P-2 3/1 0 6.2

invention P-3 7/1 0 5.0

invention P-3 3/1 0 6.1

invention P-3 1/1 0 Does not peel

invention P-4 3/1 0 6.2

invention P-5 3/1 0 5.6

These results 1indicate that any latex would work 1n this
application and that the improved adhesion 1s not dependent
on the Tg of the latex particle. The particle must be small
enough such that 1t does not scatter light and thereby altering
sensitometry. The preferred concentration range for the latex
1s between 2 and 25 wt % of the dried overcoat. At high latex
concentrations, cracking of the overcoat layer can occur
which limits the usefulness of the imaging element.

The present invention provides an important improve-
ment 1n thermally processable imaging elements. A hydro-
philic overcoat layer, such as a layer containing poly(silicic
acid) and poly(vinyl alcohol), provides excellent protection
for such elements. However, the degree of adhesion of such
an overcoat layer to hydrophobic imaging layers, such as
those that contain poly(vinyl butyral), is inadequate as a
consequence of the general lack of compatability of hydro-
philic and hydrophobic layers. The addition of an acrylate or
methacrylate latex 1n accordance with this invention over-
comes the problem of inadequate adhesion and does so
without the use of an adhesive interlayer between the
overcoat and imaging layers and with low cost readily-
available materials which are easy to coat and handle, are
environmentally advantageous and do not cause adverse

sensitometric etfects.

The mnvention has been described in detail, with particular
reference to certain preferred embodiments thercof, but it
should be understood that variations and modifications can
be effected within the spirit and scope of the invention.

We claim:

1. A thermally processable 1maging element, said element

comprising:

(1) a support;

(2) a thermographic or photothermographic imaging
layer;

(3) an overcoat layer overlying and in direct contact with
the 1maging layer, wherein the overcoat layer com-
PIiSEs:

(a) 50 to 90% by weight poly(silicic acid) represented by
the formula:

OH

—O0—Si—

OH

wherein n 1s an integer within the range of at least 3 to

about 600;

(b) 10 to 48% by weight of a water soluble hydroxyl
containing polymer or monomer that 1s compatible
with poly(silicic acid); and

(¢) 2 to 25% by weight of an acrylate or methacrylate
latex;

wherein the adhesion between the 1maging layer and the
overcoat layer 1s improved compared to an overcoat
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layer that contains (a) and (b) above but does not
contain (c) above.

2. A thermally processable 1maging element as claimed 1n
claim 1 wherein said acrylate or methacrylate latex com-
prises: poly(butyl acrylate), poly(ethyl acrylate), poly(butyl
methacrylate) and poly(methyl methacrylate).

3. A thermally processable imaging element as claimed 1n
claim 2, wherein the latex contains particles of the polymer
having an average particle size of about 50 to about 200 nm.

4. A thermally processable imaging element as claimed 1n
claim 1 or claim 2, wherein said support is a poly(ethylene
terephthalate) film.

5. A thermally processable imaging element as claimed 1n
claim 1 or claim 2, additionally comprising a backing layer
on the side of said support opposite to said 1imaging layer.

6. A thermally processable imaging element as claimed 1n
claim 2, wherein said backing layer 1s comprised of a binder
and a matting agent dispersed therein.

7. A thermally processable imaging element as claimed 1n
claim 1 wherein said 1maging layer comprises:

(a) photographic silver halide,
(b) an image-forming combination comprising
(1) an organic silver salt oxidizing agent, with
(i1) a reducing agent for the organic silver salt oxidizing
agent, and
(¢) a toning agent.

8. A thermally processable imaging element as claimed 1n
claim 1 wherein said imaging layer comprises a poly(vinyl
butyral) binder.

9. A thermally processable imaging element, said element
comprising a poly(ethylene terephthalate) film support hav-
ing a backing layer, comprised of poly(silicic acid) and
poly(vinyl alcohol), on one side thereof and having on the
opposite side, 1n order, a photothermographic imaging layer
comprising silver halide, silver behenate and poly(vinyl
butyral), and an overcoat layer overlying and in direct
contact with the imaging layer, the overcoat layer compris-
ing poly(silicic acid), poly(vinyl alcohol) and 2-25 weight
% of a latex of poly(butyl methacrylate).

10. A method of preparing a thermally processable imag-
ing element comprising;:

1) coating a thermographic or photothermographic imag-

ing layer onto a support;

i1) coating directly onto the imaging layer an overcoat
layer formed from a composition comprising:
(a) 50 to 90% by weight poly(silicic acid) represented
by the formula:

wherein n 15 an integer within the range of at least 3 to
about 600; and
(b) 10 to 48% by weight of a water soluble hydroxyl
containing polymer or monomer that 1s compatible
with poly(silicic acid); and
(¢) 2 to 25% by weight of an acrylate or methacrylate
latex;

wherein prior to coating the overcoat layer onto the
imaging layer, an acrylate or methacrylate latex 1is
incorporated into the overcoat composition 1n an
amount suflicient to improve the adhesion between the
imaging layer and the overcoat layer.

G o e = x
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